Purpose: To determine whether diabetes mellitus has an independent impact on major limb outcomes at 1 year after endovascular treatment of lower extremity peripheral artery disease (PAD). Methods: The study involved 1906 consecutive patients (mean age 66 years; 1469 men) enrolled in the observational Excellence in Peripheral Artery Disease (XLPAD) registry (ClinicalTrials.gov identifier NCT01904851) between January 2005 and October 2015 after undergoing index endovascular procedures in 2426 limbs for arterial occlusive disease. Patient outcomes included 12-month target limb amputation (above ankle) and target limb revascularization as well as all-cause death. Kaplan-Meier analysis and adjusted Cox proportional hazard models were used for time-to-event analysis of outcomes for the entire study sample as well as for the critical limb ischemia (CLI) and claudication subgroups. Results of the Cox regression models are reported as the hazard ratio (HR) and 95% confidence interval (CI). Results: Diabetics undergoing endovascular procedures had higher rates of comorbid conditions (p<0.001), CLI (p<0.001), heavily calcified lesions (p=0.002), multivessel disease (p=0.030), and fewer infrapopliteal runoff vessels (p<0.001). Regression analysis after adjusting for confounders revealed significantly higher target limb major amputation in diabetics compared with nondiabetics (HR 5.02, 95% CI 1.44 to 17.56, p=0.011). However, repeat revascularization rates were similar. When considering CLI and claudication subgroups, diabetes was associated with a nonsignificant increased risk of 12-month major amputation only for patients presenting with CLI (HR 3.48, 95% CI 0.97 to 12.51, p=0.056). Diabetes was also associated with an increased risk of 12-month all-cause mortality in the overall study sample (HR 4.64, 95% CI 2.01 to 10.70, p<0.001) and in the CLI subgroup (HR 14.15, 95% CI 3.16 to 63.32, p<0.001) but not in the claudication subgroup (HR 1.42, 95% CI 0.45 to 4.54, p=0.552). Conclusion: Diabetes increases the risk of major amputation and all-cause death at 12 months following endovascular revascularization in patients with symptomatic PAD. These risks are especially heightened in patients presenting with CLI.
Introduction
Diabetes mellitus is a growing problem worldwide, and in the United States it is linked to the epidemic of obesity. 1, 2 Diabetes is a major risk factor for peripheral artery disease (PAD) [3] [4] [5] and leads to more diffuse calcified disease 6 and higher rates of lower extremity amputation. 7 It affects the entire vascular system, particularly the lower extremity vessels below the knee. 7 At this time, it is unclear whether diabetic patients have a worse outcome than nondiabetics following lower limb endovascular interventions. Several studies have indicated that diabetes is a predictor of poor outcomes following such procedures with poorer patency rates 8 and cardiovascular outcomes. 9, 10 However, other studies suggested that diabetics have similar outcomes to nondiabetics following stenting 11 or atherectomy (directional 12 or rotational 13 ) despite more advanced comorbidities. In these studies, and after adjusting for multiple comorbidities, diabetics had a similar patency rate, freedom from target lesion revascularization and clinical improvement compared with nondiabetics.
This study analyzed registry data from PAD patients who underwent lower limb endovascular interventions to determine whether diabetes has an independent impact on target limb major amputation and repeat revascularization at 1-year follow-up.
Methods

Study Design and Patient Sample
The study involved 1906 consecutive patients (mean age 66.5 years; 1469 men) enrolled retrospectively (95%) and prospectively (5%) in the observational Excellence in Peripheral Artery Disease (XLPAD) registry (ClinicalTrials. gov identifier NCT01904851) after undergoing index endovascular procedures in 2426 limbs between January 2005 and October 2015. The XLPAD registry employs REDCap, a web-based data acquisition system, to gather data from 11 sites contributing consecutive patients treated with endovascular techniques for lower extremity arterial disease. The registry data collection and adjudication procedures have been previously described. 14, 15 Of note, angiograms of all enrolled patients are reviewed by the core laboratory at the Veteran Affairs Medical Center, Dallas, TX, USA.
For the present analysis, patients were divided into 2 groups according to presence or absence of diabetes based on clinical diagnosis and/or use of medications prescribed for the treatment of diabetes. Patients were followed for 12 months after an index lower limb endovascular revascularization procedure. Outcomes in this study were target limb amputation (above ankle), target limb reintervention (endovascular or surgical), and all-cause mortality.
Diabetics comprised 56.9% of the study cohort. A third of all patients (37.3%) presented with critical limb ischemia (CLI). The majority of lesions were in the femoropopliteal segment (81.2%). Chronic total occlusions accounted for 51.9% of the target lesions. Baseline demographic, clinical, lesion, and treatment characteristics for the entire cohort and by subgroups are shown in Table 1 .
Definitions and Statistical Analysis
Kaplan-Meier analysis and Cox proportional hazard models were used for time-to-event analysis of the 3 outcomes on a periprocedure basis adjusted for baseline patient and lesion characteristics. The Cox regression model for all-cause death was adjusted for baseline patient characteristics only. Patient characteristics included age, gender, ethnicity, race, comorbid conditions (coronary artery disease, heart failure, hypertension, hyperlipidemia, and prior myocardial infarction), Rutherford category, and ankle-brachial index (ABI). Lesion characteristics included indicators of multivessel disease, concurrent iliac intervention with an infrainguinal revascularization, and heavy calcification. Multivessel disease was defined as both femoropopliteal and below-theknee disease (≥50% angiographic stenosis). Heavy calcification was defined as presence of at least 5 mm of calcification on both sides of the vessel. Cox models were also adjusted for the number of runoff vessels and prescribed dual antiplatelet, lipid-lowering, and angiotensinconverting enzyme/angiotensin receptor antagonist (ACE/ ARB) therapies. Interaction terms were tested in adjusted Cox models to examine the effect of diabetes with other baseline comorbid conditions. However, the interaction terms were included in the final models only if they were statistically significant (p<0.05). Chronic kidney disease was not included in the model due to multicollinearity with other baseline comorbidities. Cox models were run only when a homogeneity assumption across 2 groups, diabetics and nondiabetics, was met. In other words, in Kaplan-Meier analysis, survival curves between 2 groups do not cross over.
Continuous variables were described using the mean ± standard deviation and evaluated for difference between groups with t tests. Categorical variables were presented as the frequency (percentage) and were assessed using a chisquare test. Curves in the Kaplan-Meier graphs were compared using the log-rank test. Missing data on age, ABI, and runoff were imputed using a multiple imputation technique described by Little and Rubin 16 under the missing at random assumption. Subgroup analyses were performed for patients presenting with CLI (Rutherford category ≥4) vs claudication (Rutherford category ≤3). Cox models were used for subgroup analysis. The threshold of statistical significance was p<0.05. All statistical analyses were performed using SAS software (version 9.4; SAS Institute, Cary, NC, USA).
Results
Diabetics had significantly higher rates of concomitant coronary artery disease, heart failure, hypertension, hyperlipidemia, and chronic kidney disease compared with nondiabetics (Table 1) , and a higher percentage of the diabetic patients presented with CLI. While patients with diabetes had smaller reference vessel diameters, more heavily calcified and multivessel disease, and fewer runoff vessels than nondiabetics, there were no significant group differences in the incidence of chronic total occlusion or mean lesion lengths. Diabetes was significantly associated with a higher rate of infrapopliteal vessel interventions. The diabetes group was more likely to receive dual antiplatelet therapy, lipid-lowering, and ACE/ARB therapies postprocedure and less likely to receive an iliac intervention during the index procedure compared with the nondiabetic group. Endovascular strategies employed for treating diabetic and nondiabetic patients were similar, except for higher use of drug-eluting (Figure 2) .
The adjusted Cox models found that the risk of major amputation at 12 months increased by 502% in patients with diabetes compared with patients without [hazard ratio (HR) 5.02, 95% CI 1.44 to 17.56, p=0.011], while there was no significant difference in 12-month need for repeat revascularization (HR 0.83, 95% CI 0.65 to 1.05, p=0.119). In the CLI subgroup, diabetics had a higher major amputation rate, which was not significant (HR 3.48, 95% CI 0.97 to 12.51, p=0.056), and a similar repeat revascularization rate at 12 months. For the claudication subgroup, no significant differences were observed between diabetics and nondiabetics for either of the endpoints.
Kaplan-Meier analysis of all-cause mortality estimated that the diabetes group had significantly higher 12-month mortality in the overall sample and in the CLI subgroup ( Figure 3) . In an adjusted Cox model, diabetics had almost 4 times higher mortality risk than nondiabetic patients in the entire study sample (HR 4.64, 95% CI 2.01 to 10.70, p<0.001). In the CLI subgroup, diabetics had a 14-fold higher risk of death (HR 14.15, 95% CI 3.16 to 63.32, p<0.001); in the claudicant subgroup, there was no difference in the risk of death between diabetics and nondiabetics (HR 1.42, 95% CI 0.45 to 4.54, p=0.552).
Discussion
This study indicates that diabetes is associated with a higher rate of major amputation at 12 months but not repeat revascularization following endovascular treatment of lower limb PAD. Additionally, for patients presenting with CLI, diabetes significantly increases the risk of major amputations of the target limb over the same time period.
Diabetes has been linked to more diffuse and calcified lower limb lesions and a higher occurrence of major adverse cardiovascular events.
3,4,7 Jude et al 7 reported a significant increase in mortality in diabetics compared with nondiabetics (51.7% vs 25.6%, p=0.002). Also, diabetic patients in their study died at a younger age. In a cohort of 1.9 million individuals followed for a median of 5.5 years, patients with diabetes presented most commonly with PAD (16.2%) and heart failure (14.1%). 5 In addition, diabetes was associated with ischemic stroke, angina, and nonfatal myocardial infarction but inversely associated with abdominal aortic aneurysm and subarachnoid hemorrhage.
The positive association between diabetes and the heightened risk of target limb major amputation in the CLI Figure 1 . Kaplan-Meier curves for target limb major amputation at 12 months for diabetics (DM) and nondiabetics (non DM): (A) entire sample, (B) critical limb ischemia subgroup, and (C) claudicant subgroup. Seventeen observations were excluded due to missing date of target limb amputation. The standard error did not exceed 10% at 12 months for both groups. Probs, probability.
subgroup confirms that diabetics with advanced limb ischemia are more likely to progress to amputation than nondiabetics following endovascular treatment of PAD. 7 However, endovascular therapy of occlusive PAD in diabetics has shown good limb salvage rates and symptom improvement. 12, 13, 17, 18 It is unclear how diabetes affects the outcomes of endovascular intervention for lower extremity PAD. In 1 study, 19 predictors of patency following superficial femoral artery stenting were evaluated in a cohort of 117 patients (165 limbs) at a mean follow-up of 15.3±3.2 months. The primary patency rates at 6, 12, 18, and 24 months were 78%, 66%, 42%, and 22%, respectively. Independent predictors Nineteen observations were excluded due to missing data on time of death event. The standard error did not exceed 10% at 12 months for both groups. Probs, probability. associated with reintervention were TransAtlantic InterSociety Consensus II C or D lesions, stent length >8 cm, number of patent tibial arteries, and diabetes. In a study of 437 patients (525 limbs) treated with balloon angioplasty with or without adjunctive stenting in 38%, 50% of patients were diabetic. 20 Among claudicants, diabetics had significantly lower assisted primary patency (p<0.01) and a higher incidence of restenosis (p=0.04). Among limb ischemia patients, limb salvage was significantly worse for diabetics than nondiabetics.
Certain endovascular therapies, however, can improve limb outcome in diabetics. In the Pilot Trial of Cryoplasty or Conventional Balloon Post-Dilation of Nitinol Stents for Revascularization of Peripheral Arterial Segments (COBRA) trial, 21 cryoplasty utilized as an adjunctive treatment to postdilate nitinol stents for revascularization of peripheral arterial segments in diabetic patients showed a significant reduction in binary restenosis compared to adjunctive treatment with balloon angioplasty alone (29.3% vs 55.8%, p=0.01; odds ratio 0.36, 95% CI 0.15 to 0.89). Also, recent data from a large registry containing 46.8% diabetics followed for 12 months showed no differences in patency rates in diabetes vs nondiabetics treated with directional atherectomy. 12 Patency was assessed by duplex ultrasound using core laboratory adjudication. Despite more baseline comorbidities in the diabetic cohort, 12-month primary patency (77.0%) in diabetics was noninferior (p<0.001) to nondiabetics (77.9%). Also, freedom from clinically driven target lesion revascularization was similar between the groups (83.8% vs 87.5%).
In another study, 80 diabetic patients treated with rotational and aspiration atherectomy for femoropopliteal occlusive disease had similar outcomes to 92 nondiabetics. 13 Both diabetics and nondiabetics had respectively similar lesion lengths (28.5 vs 26.2 mm) and frequencies of total occlusions (29% vs 32%) and restenotic lesions (15% vs 14%). At 1 year, the major adverse event rates (death, index limb amputation, myocardial infarction, target lesion revascularization, and target vessel revascularization) in diabetics was 25% compared with 31.5% in nondiabetics. The target lesion revascularization rate in diabetics through 12 months was 20% vs 28% in nondiabetics. However, most of the current evidence is limited to studies with small samples exploring the impact of specific PAD revascularization modalities on clinical outcomes in patients with diabetes, without adjusting for comorbidities and postprocedure antiplatelet and medical therapies that are known to impact patient outcomes. Moreover, combined endpoints reported in many of the above studies are a composite of cardiovascular and limb outcomes.
Our data indicate that target limb revascularization following lower extremity endovascular interventions in diabetics is similar to nondiabetics after adjusting for comorbid conditions and pharmacotherapy factors, however, with higher all-cause mortality. Our findings contradict some of previously published studies that indicate that diabetes is associated with worse repeat revascularization outcomes. 19, 20 
Limitations
Despite the multicenter sources of consecutive patient data collection in our registry, it is observational in nature and hence subject to selection bias. The study also has other limitations. The diabetes group in the study included both type I and II, and the impact of diabetes type on the outcomes of endovascular interventions was not specifically investigated along all potential comorbid conditions. While our study considered both 12-month target limb revascularization and major amputation for the claudicant group, major amputation may not differ in this group at 12 months' postintervention.
Conclusion
This study demonstrated that diabetic patients with advanced limb ischemia are at a higher risk of major amputation but have similar repeat revascularization rates at 12 months following endovascular treatment of PAD. Also, patients with diabetes have significantly higher all-cause mortality at 12 months.
